Abstract -The aim of this paper was fi rstly to describe the ecological and geographical differentiation of the four maple species (Acer spp.) in Serbia and Kosovo based on fl oristic and phytocoenological data, and secondly, to model their distributions in order to predict which areas the species can be expected in. The intention was also to compare the resulting prediction maps with the available fi eld records and see whether there are any differences between the actual and the predicted ranges. The data set included 1979 species records and each record was accompanied by geographic coordinates. The geographical analysis was performed on the chorological data (latitude, longitude, altitude), while the ecological was based on vegetation data relating to the association, alliance, order and class as well as on 19 bioclimatic parameters. The data set was georeferenced using GIS tools. The results demonstrated that the distribution patterns of all the analyzed species are mostly affected by the limiting effects of the variables related to precipitation and temperature of the dry and also the warm period. Their synergic limiting effects are the most important force shaping distribution patterns within a territory. These fi ndings highlight the importance of defi ning bioclimatic profi les of species using different techniques of distribution modelling.
Introduction
The species Acer campestre L., Acer platanoides L., Acer pseudoplatanus L. and Acer tataricum L. are relatively common plant species with wide distributions in areas of deciduous and mixed deciduous-coniferous forests on the Balkan Peninsula.
A. tataricum belongs to the Pontic-Pannonian fl oristic element. It is a heliophyte, able to withstand drought and extreme temperatures. It occurs in almost all phytocoenoses of oaks, individually present in Steppe Common oak forests (Querco-Fraxinetum angustifoliae), Sessile Oak and Hornbeam forests (Querco-Carpinetum serbicum) and forests of Hungarian oak and Turkey oak (Quercetum frainetto-cerris). It rises to over 800 m above sea level (JOVANOVIĆ 1973) .
A. pseudoplatanus belongs to the central-European fl oristic element. It occurs as the dominant species in some forest phytocoenoses (eg.: Acereto-Fraxinetum). It can be found individually in submontane beech forests (Fagetum submontanum, especially on limestone), in beech-fi r forest (Abieti-Fagetum), Fago-intermedio-Colurnetum forest, beech forests. The species is a heliophyte and is restricted to temperate cold regions, with plenty of soil and air humidity. It rises to heights of about 1,800 m above sea level (JOVANOVIĆ 1973) .
A. platanoides belongs to the sub-central-European fl oristic element. It occurs mainly in the beech region and is more common in the lower part of the temperate zone, unlike the species A. pseudoplatanus. It can be found in Sessile oak and Hornbeam forests (QuercoCarpinetum serbicum) . It is more frequently present in the forest phytocoenoses: AceroFraxinetum s. l., Fagetum submontanum, Fagetum montanum, Abieti-Fagetum and Fagointermedio-Colurnetum (JOVANOVIĆ 1973) .
A. campestre also belongs to the sub-central-European fl oristic element. It does not form pure stands, but it appears in very different forests: close to rivers, hydrophilic with oak and Narrow-leaved ash forests (Querco-Fraxinetum), mountain forests, xerothermic Pubescent oak and Eastern Hornbeam forests (Carpinetum orientalis serbicum) or Sessile oak (Quercetum montanum) . It has a substantial ecological (edaphic and climatic) amplitude and possibly a large number of ecotypes (JOVANOVIĆ 1973) . It is the most common species of maple in Serbia. It appears in different areas, from valleys close to rivers in the north, to an altitude of over 1,200 m on the mountains of southern regions.
The four analysed maple species represent members of the climatogenic vegetation within the analyzed area, building their own stands, or participating in the composition of oligo-or polydominant forest stands (JOVANOVIĆ 1973) .
Novel methods estimating species' potential distributions, combining their observed occurrences with environmental variables, seem to be very popular for many types of biogeographical analyses (MAES et al. 2005 , PEARSON et al. 2007 . These kinds of analysis use the facilities provided by geographical information systems (GIS), enabling an empirical approach to the exploration of species' tolerances to different environmental factors. The range of ecophysiologic tolerance is obtained through the evaluation of the bioclimatic profi le and by identifying the environmental conditions and areas in which a given species is able to survive (PEARSON 2007) . Such predictive models have been proposed by many authors as useful tools to complement the incomplete data on the distribution of species (MADDOCK and DU PLESSIS 1999 , RAXWORTHY et al. 2003 , ACOSTA 2008 . All these methods assume that the resulting predicted distribution is a function of species' response to the environmental vari-ables, thus refl ecting a subset of their fundamental niche (AUSTIN 2002) . Predictive distribution patterns and inherent bioclimatic profi les provide valuable information for numerous ecological and environmental applications, such as the detection of areas for intensive sampling, defi ninition of conservation priorities, and prediction of potential biological invasions (GUISAN and ZIMMERMANN 2000 , RAXWORTHY et al. 2003 , WARD 2007 , ACOSTA 2008 , GIOVANELLI et al. 2008 ). An extensive array of modelling algorithms is available for investigating the relationships between the predictor variables and the species' presence-only datasets ZIMMERMANN 2000, GUISAN and THUILLER 2005) . The algorithms used in this paper, BIOCLIM NIX (1986) and MAXENT (PHILLIPS et al. 2006) have proven good performance and accuracy for such studies (ELITH et al. 2006 , HERNANDEZ et al. 2006 , WARD 2007 , ECHARRI et al. 2009 , GIOVANELLI et al. 2010 , RUBIO et al. 2010 , ELITH et al. 2011 .
In this study we aimed to verify and study in depth the ecological and geographical effects on differentiation of these four species in Serbia and Kosovo. Based on the fl oristic and phytocoenological data, we intended to identify and describe the ecological and geographical differentiation of the maple species, and predict which areas they can be expected in, by modelling their distributions based on 19 bioclimatic variables data. Another objective was to compare the resulting prediction maps with the available fi eld records and investigate whether there are any differences between the observed and the predicted distribution.
Material and methods
Geographical analysis was performed on the chorological data (latitude, longitude, altitude), while the ecological analysis included the vegetation data (related to the association, alliance, order, class) and the basic bioclimatic parameters.
The data on the distribution and ecology of the analyzed species was collected from the detailed interpretation of phytocoenological literature in which there are a respectable 1,811 bibliographical references (LAKUŠIĆ and VASIĆ 2005) as well as 1,577 published phytocoenological tables with 16,212 stands . Primary processing of the extensive phytocenological literature was carried out as a phase of the project »Harmonization of the national nomenclature of the classifi cation of habitats with international standards«, conducted by the Faculty of Biology University of Belgrade, for the needs of The Ministry of Science and the Environmental Protection of Republic of Serbia, in the period 2003-2005. Aside from this, the basic fl oristic literature related to the territory of Serbia and Kosovo was also reviewed in detail for this purpose. Each particular record in the database, recorded in the literature, was treated as an aggregation of data, which means that, in addition to the information about the identity of the species, it included geographical (location determination through place names and geographical coordinates), ecological data (habitat description through the community, altitude, exposure, slope, surface and ground), and the information on the data source (reference). All the chorological and ecological data were georeferenced and in addition to standard mapping, numerical and statistical analysis were performed. We also used GIS tools for spatial data analysis. Distribution data were georeferenced in the OziExplorer 3.95 4s (D & L Software Pty Ltd, Brisbane, Australia) program. The values of 19 bioclimatic parameters used for defi ning the bioclimatic profi les of the analysed species were extracted from the WorldClim database (HIJMANS et al. 2005 ) at a resolution of 30 arc-seconds (~1 km 2 ) using DIVA-GIS 7.5 software (HIJMANS et al. 2012) . Correlation between the bioclimatic variables was tested using Pearson's correlation coeffi cient. Only the variables with correlation between -0.80 and 0.80 were taken into account for environmental niche modelling (Tab. 1).
Tab. 1. Environmental variables used for ecological niche modelling and percent contributions of the environmental variables to the MAXENT models.
Environmental variables Percent contribution (%)
A The BIOCLIM model was built using its implementation in DIVA-GIS 7.5 (HIJMANS et al. 2012) . BIOCLIM is a frequency distribution-based algorithm, which extracts the values of each bioclimatic variable from all the presence localities and arranges them in a cumulative frequency distribution. The set of values of all variables defi nes the bioclimatic profi le of the species, delimiting the so called »envelope«, i.e. the climatic conditions that bound all occurrence localities (GUISAN and ZIMMERMANN 2000 , FISCHER et al. 2001 , WALTHER et al. 2004 , WARD 2007 . In the potential distribution maps, grid cells are scored as suitable (if within the 0-100 percentile envelope; i.e. the presence of the species can be expected) or unsuitable (if outside the 0-100 percentile envelope) (ACOSTA 2008) . According to the modelled suitability, the grid cells within the 20-80 percentile are marked as »Excellent«, those outside this range, but within 10-90 percentile »Very High«, subsequent »High« (5-95 percentile), »Moderate« (2.5-97.5 percentile), and fi nally, »Low« (0-100 percentile). The »Most Limiting Factor« output, available in BIOCLIM, was also applied to detect which variable is the most critical for the inclusion of the grid cell within the resulting envelope.
The »Most Limiting Factor« model outputs the variable with the lowest or highest score in each grid cell, for which there is a prediction assigning them a certain colour on the prediction map. For the cells that fall within the 0-100 percentile, the variable with the lowest percentile score is mapped.
To model the potential distribution of the four Acer species in Serbia and Kosovo we also used MAXENT (v. 3.3 .e), a free software package that implements the maximum entropy algorithm for identifying species' suitable environmental space from the presenceonly data . This software estimates the species' distributions by calculating the distribution closest to uniform, which is the distribution of the maximum entropy, with regard to the constraint that the expected value of each parameter under the estimated distribution matches its empirical average ). We performed 25 replicates for the model with cross-validation, a random set of 10 5 background points and a set of 25% sample points for random testing. »Maximum training sensitivity plus specifi city« threshold was used in order to obtain binary maps of climatic suitability (LIU et al. 2005) .
The performances of the BIOCLIM and MAXENT models were evaluated with the threshold independent area under the receiver operating characteristics curve (ROC) statistics (AUC). AUC values range from 0 to 1. An AUC value of 1 indicates perfect discrimination, and models with values greater than 0.5 indicate a performance better than random (FIELDING and BELL 1997) . AUC values greater than 0.75 are considered acceptable (ELITH 2002) . Generally, AUC values from 0.5 to 0.7 are taken to indicate low accuracy, values of 0.7-0.9 indicate useful applications and values of > 0.9 indicate high accuracy (MANEL et al. 2001) . For each of the models made with BIOCLIM and MAXENT algorithms, area under the curve statistics of the ROC for the 25% random test data points were determined in DI-VA-GIS (BIOCLIM) and MAXENT, respectively.
Multivariate statistical analyses performed in this paper were principal component analysis (PCA) and cluster analysis in accordance with UPGMA method (unweighted pairgroup average linkage method) based on the Mahalanobis distances between the four maple species. These analyses that were based on all 19 bioclimatic variables were used in order to determine the degree of the ecological differentiation of these species in Serbia and Kosovo. PCA and Cluster analysis were conducted using the package STATISTICA 5.1 StatSoft 1996.
Nomenclature of the plant taxa followed the Flora Europaea Database (TUTIN et al. 2001) . The names of all the syntaxa are in accordance with RODWELL et al. (2002) with a few exceptions according to LAKUŠIĆ and SABOVLJEVIĆ (2005) .
Results

Geographic differentiation
In all, 2,365 individual records were compiled by data processing, and 1,979 points were precisely georeferenced in the range. Owing to the further GIS analysis, the distribution maps are obtained for each species using the Universal Transverse Mercator (UTM) system square area of 10 × 10 km in the territory of Serbia and Kosovo (Figs. 1 A-D) . The maps showed that the squares with the highest number of records are located on the mountain massifs of western, central and eastern Serbia, but can also be found close to Palić and Ludaš lakes, on Fruška Gora mountain, Vršačke mountains, Deliblato sands and the mountains of Kosovo and Metohija. The species with the largest range and also the largest number of records (902) 
Coenoecological differentiation
The analysis of the coenoecological differentiation of the four studied species showed that they occur within six vegetation classes. It is noticeable that each of these species is most common in the class of Querco-Fagetea (Tab. 2). As for the vegetation orders, maple species are represented mostly in the Quercetalia pubescentis and Fagetalia sylvaticae (Tab. 3). The species A. campestre is the most abundant in these two orders, while A. platanoides and A. pseudoplatanus are predominantly present in the Fagetalia sylvaticae order. In contrast to this, the species A. tataricum is the most common in the vegetation of thermophilous oak forests of the order Quecetalia pubescentis. 
Tab. 2. Presence of the observed species of the genus
Ecological differentiation
Important ecological properties of the niche have been obtained from detailed analyses of the 19 bioclimatic variables. The principal component analysis (PCA) has shown that certain differentiation is noticeable in the bioclimatic profi les of these four species (Fig. 2A) . The only species that is slightly separated along the fi rst axis is A. pseudoplatanus. Most of the variation (57.09%) was explained by the fi rst axis, 17.34% by the second, and 11.41% by the third one. The UPGMA cluster analysis has confi rmed the separation of A. pseudoplatanus revealed by PCA. Two completely separated clusters were formed, the fi rst of which corresponds to A. pseudoplatanus, and the second to all the other maple species (Fig.  2B) . On the second level, A. tataricum is differentiated from A. campestre and A. platanoides, while these last two are grouped together, on the same heterogeneity level within one cluster. 
Potential distribution
The evaluation of predictive performance of the obtained models was done by comparing the AUC. The AUC values of BIOCLIM and MAXENT models are shown in table 4. Based on the BIOCLIM and MAXENT models, we obtained potential distribution maps (Figs. 3 A-D, Figs. 4 A-D) . The obtained maps of the potential distribution are in accordance with the distribution data. Although the potential suitable areas are wider than the current distribution ranges of the investigated species, the majority of the distribution records are located within areas of excellent and very high ecological suitabilities predicted by the model.
Tab. 4.
Average area under the receiver operating characteristics curve (AUC) and maximum training sensitivity plus specifi city threshold values over 25 replicate runs -random data-splitting (75% for training, 25% for testing). 
Limiting factors
Using the BIOCLIM/Most Limiting Factor model, we obtained modelled distribution maps (Figs. 5 A-D) , in order to detect the areas of climatic suitability, as well as to get an insight into the limiting factors and their infl uence on the distribution patterns of the analyzed maple species. The bioclimatic factors that most signifi cantly affect the distribution patterns of the four maple species are the following: mean temperature of the driest quarter In accordance with the modelled distribution map of A. tataricum, we noticed that temperature seasonality (std * 100) [BIO4] (24.3%) and mean temperature of the driest quarter [BIO9] (18.1%) are the limiting factors within the species' distribution range. 
Discussion
Firstly, regarding the geographic differentiation, our results indicate that the analyzed species are widely distributed in forest areas, which is why their ranges are almost completely folded on the horizontal profi le. Furthermore, in accordance with the results on the vertical differentiation, it is possible to notice certain geographical differentiation of the species: the lowland-montane (A. campestre and A. tataricum) and the lowland-subalpine (A. platanoides and A. pseudoplatanus).
As for the coenological differentiation, all the analyzed species have the highest frequency in the Querco-Fagetea class. Moreover, they are mostly present within the orders of Quercetalia pubescentis and Fagetalia sylvaticae. Since the forest vegetation of the Querco-Fagetea class is the most common in wide areas of the Serbian territory (JOVANOVIĆ et al.1986 ), this pattern was expected for these four widespread deciduous species.
The obtained ecological properties regarding the bioclimatic dimensions of the niche are very similar within the analyzed species. The conclusion is that only A. pseudoplatanus and A. tataricum show a slight distinctiveness in their requirements on the bioclimatic parameters of the habitat. These small differences could be substantiated by the existing knowledge on the ecological characteristics of these species. While A. pseudoplatanus lives in the most frigophilic conditions and reaches the highest altitudes, A. tataricum is the most xerophilous and can better withstand drought (JOVANOVIĆ 1973) .
The predictive performance of the models was evaluated by the AUC statistics (widely used in literature), by measuring the capability of a model to distinguish the localities where species are present from those where they are not found (ELITH et al. 2006 ). Since we modelled the distribution of the four species with a relatively broad range, the obtained AUC values are not very high, especially for BIOCLIM models. Thus, it is important to consider such results in the light of the tendency for the AUC value to be higher for species with narrow ranges (MCPHERSON et al. 2004 ). The results suggest that the potential range of each species on the territory of Serbia and Kosovo is larger than the area indicated by the current literature and fi eld records obtained by mapping distribution data. On one hand, these results can be explained by the insuffi cient level of the chorological data published for the analyzed species, and, on the other hand, as a consequence of unfavourable historical circumstances, human infl uence, or both.
Finally, potential distribution maps (Figs. 3 and 4) showed that the grey shaded areas correspond to the places in which the limiting factors express their strongest negative effects. The existence of records within areas with low suitability is explained by the fact that at least one of the factors shows very high favourableness, enabling the presence of the given species despite the unfavourable effects of other factors. A general conclusion emerges from the fact that the distribution patterns of analyzed species are mostly limited by the variables related to the precipitation and temperature of the dry and the warm period. Also, the variables describing daily and seasonal variations in temperature and precipitation are marked as quite important limiting factors. Synergic limiting effects of these factors seem to be the most important force shaping the distribution patterns within a territory. This result emphasizes the major importance of the fact that the mentioned limiting factors express their negative infl uences mainly during the vegetation period.
However, one must be very careful not to jump to conclusions. There can be a number of reasons for such results. When we interpret the results, it is particularly important wheth-er we know the real climatic adaptation of the genus/species or if we only have at our disposal its current distribution data. The actual species distributions are a result of the past climate change, current climate, dispersal limitation, and the complex ecological niche including the interactions with other species, humans especially. Although it is quite reasonable to assume a steady state primarily determined by the climate of the current distribution, it is highly speculative to extend that to the climatic conditions predicted for the future. Nevertheless, this type of predictive modelling may be useful, for example, to identify the areas that are most likely to be affected if climate changes do occur. Furthermore, the BIO-CLIM and MAXENT models used in this paper, showed that suitable grid cells tend to concentrate more around the presence points, which shows that the obtained modelled species distributions and their observed distribution data maps seem to be consistent with each other. In accordance with its statistical signifi cance, the modelling proved to be in reasonable agreement with the expected range, especially considering the distribution and the type of the environment inhabited by these species (broad areas of deciduous lowland and montane-subalpine forests). Therefore, the main benefi t from the spatial distribution modelling, (even within ecologically very similar species, such as in our case) lies in the fact that the smallest differences among the species' bioclimatic profi les can be detected and accurately identifi ed. Moreover, the negative aspect that needs suitable addressing is the non-homogeneous distribution of literature data, with some areas being intensively sampled and others being almost unsampled. Namely, the value of the present research method, despite the existence of the mentioned problems, lies in its potential to overcome such issues, and provide an objective insight in species' distributions. Moreover, species' distributions are explained by the limiting effects of a specifi c bioclimatic factor or a combination of several crucial factors. This information, in addition to historical biogeographical knowledge of a species' ecology, should lead to a future upturn involving the clarifi cation of current distributions of species and the reasons for their being as they are today. 
